ABSTRACT
INTRODUCTION
The Web has an unparalleled potential to reshape the way companies conduct their businesses. As a globally connected and widely accessible network infrastructure, the Web allows an enterprise to find and establish business relationships with new business partners. At the same time, it allows an enterprise to integrate its systems and processes with those of its business partners. Provided with a common, global network infrastructure, enterprises can associate with each other in order to become more competitive or to offer improved products or services. The result is the development of business networks, which combine the competencies of several business partners.
Most of these features are being addressed by separate standardization efforts, such as WSCoordination (Cabrera, 2002) , WS-Transaction Management (Bunting, 2003) , WS-BPEL (Arkin, 2005) , WS-Addressing (Box, 2004) , WS-Security (Atkinson, 2002) , and WS-Policy (Bajaj, 2004) . As the technological landscape becomes cluttered with acronyms and different standards, it might seem that the original goal of dynamic B2B integration may take long to achieve. Truth is however that most, if not all, challenges have been already identified, and several authors have introduced advances to Web service technology in features such as negotiation, contracting, security, matchmaking, monitoring, composition and coordination, as we will show in this chapter.
There is not much more to wait on the way towards supporting dynamic B2B integrationwhat we call business networking -if only one is able to sort out and combine the available contributions in Web service technology. This is precisely what we aim at in this chapter, by describing the contributions that are most relevant to supporting the full life cycle of business collaborations. Rather than reiterating how Web Services can support B2B exchangessolutions for that have been available for a long time -our purpose is to introduce a full lifecycle approach, showing how Web Services can support every phase of business collaborations, from the time business partners search for each other to the time they perform and evaluate their interactions.
THE CONCEPT OF LIFE CYCLE IN INTEGRATION
Many solutions for B2B integration focus on defining the protocols and specifying the message format between business partners. It is clear that these frameworks concern the operation phase when two or more organizations, that have previously met, interact with each
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other. But business networking concerns more than just the operation phase: there must be mechanisms to search and find business partners, to establish contracts with them, to monitor exchanges, and to evaluate each other's performance. Operation is therefore just a single phase within a broader life cycle that includes search, selection, contracting, operation, and evaluation (Ferreira, 2004) .
The concept of having a life cycle which requires different integration mechanisms across different life-cycle phases is known since the beginning of enterprise integration as a discipline. The reference architecture CIMOSA (AMICE, 1993) , one of the first major enterprise integration architectures, established the distinction between a "system life cycle" and a "product life cycle", the latter unfolding within the operation phase of the former. Then GERAM (IFIP-IFAC, 1999) , the generalized reference architecture, generalized the concept of nesting the life cycle of different entities within the operation phase of one another.
The same approach can be applied to develop a framework for business networking. B2B exchanges take place within the operation phase of a larger life cycle comprising also search, selection, contracting, and evaluation. We will call this the "B2B trading life cycle" (Ferreira, 2004) . In this larger life cycle, B2B exchanges are no longer fixed by any particular B2B standard. Rather, the conversations that take place during the operation phase and between different organizations depend upon the interactions that those organizations have agreed to perform. Defining these interactions is part of the B2B trading life cycle, and it happens during the contracting phase.
But then, depending on the markets that organizations find themselves in, the B2B trading life cycle may include these or other phases. And because a company may outsource some of its activities or associate itself with other partners according to an arbitrary structure, the selection and contracting phases for this company may be more elaborate than for other participants. So how can an organization learn about the B2B trading life cycle that takes place in a particular market? It becomes apparent that the B2B trading life cycle, on its turn, is just a single phase within an even broader life cycle -the business networking life cyclewhich describes how organizations can enter a market and obtain information about how business networks are developed within that market. Figure 1 illustrates the relationships between these different life cycles. In the following sections, we begin by describing how Web Services support the operational life cycle. Then, we will refer to a series of recent advances that can be brought together to support the typical phases of a B2B trading life cycle. Finally, we explain how Web Services can be used to support the business networking life cycle as well. We will conclude that all these life cycles can be supported by recursively applying the basic principles of Web Services technology.
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SUPPORTING THE OPERATIONAL LIFE CYCLE
Supporting B2B operational exchanges has always required companies to incur in costly system integrations. Even the adoption of XML and B2B frameworks (such as RosettaNet) has not dramatically reduced the amount of effort required to attain B2B exchanges, since it is still necessary to integrate the B2B side with internal backoffice systems. This is often done by interfacing B2B systems with the enterprise messaging bus, which requires customized interfaces between different systems and produces tightly-coupled solutions. These solutions will have to be reworked as soon as the partners, the conversation protocols or the supporting systems change.
Service-Oriented Architectures (SOAs) are known to alleviate this problem by allowing more flexible and loosely-coupled architectures. An appropriate way to implement a serviceoriented architecture is precisely by taking advantage of Web Services. The key element that makes Web Services so interesting for this purpose is the ability to search for and bind to services both at build-time and run-time. As shown in figure 2, besides the service requester and provider, there is a service registry that allows service discovery and interaction, without the need to have services bound to each other to start with. (Champion, 2002) This approach provides a level of indirection that was previously unavailable, since B2B conversations no longer have to be hard-wired. Instead, the service requestor can look up the conversation protocol in the service registry, which can be given as a Web Services Conversation Language (WSCL) description (Banerji, 2002) . WSCL is able to specify a set of interactions (one-way or two-way), how these interactions follow one another, and what are the document formats (XML Schemas) used in each interaction. Configuring a B2B conversation is therefore no longer a programmer's task; rather, it can be readily supported by the underlying service infrastructure.
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Once the conversation is taking place, an open issue is how to correlate requests and responses without mixing them with messages from other simultaneous conversations. Brambilla et al (2002) discuss five different correlation mechanisms and present the advantages and disadvantages of each of them. These mechanisms include transport-level correlation, which requires asynchronous transport protocols not widely supported, and application semantics correlation, which requires shared data structures. They also include correlation mechanisms are based on metadata, to be included in every message regardless of its particular format. The metadata relates each message to a particular operation type and instance, and possibly also to a particular conversation type and instance.
An alternative approach to specifying conversations as a set of one-way or two-way operations is, as in (Hanson, 2002) , to describe them as a complete state machine together with the operations that trigger changes in state. This state machine is referred to as the conversation policy. The main advantage of this approach is to be able to nest an entire conversation policy into a single state of another one, allowing conversations to be described by a composition of sub-conversations. This may be useful in order to be able to reuse subconversations or change them without impacting the overall behavior.
SUPPORTING THE B2B TRADING LIFE CYCLE
In addition to the operation phase, in the B2B trading life cycle we are interested in supporting partner search and selection, contracting, configuration, and evaluation. Supporting these phases requires different kinds of mechanisms, but the underlying infrastructure can be the same as before:
• Partner search and selection involves querying service registries and applying search criteria in order to match goals, processes, or even QoS (Quality of Service) parameters.
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• Contracting requires facilities to support negotiation, which can be regarded as a kind of B2B conversation, and languages to describe service-level agreements (SLAs).
• Configuration deals with making resources properly accessible (e.g. via Web Services) in order to carry out the agreed B2B conversations during the operation phase.
• Evaluation may involve active monitoring during the operation phase and its ultimate purpose is to assess the performance of the operation phase. There have been recent advances in Web Services technology that are relevant to all of these phases. We will organize the discussion by dividing these contributions according to the B2B trading phase where they seem to be most useful.
Supporting Partner Search and Selection
One if the first tasks in the B2B trading life cycle is to look for potential business partners that will satisfy given criteria. Since Web Services technology inherently provides publishing and discovery capabilities, it is convenient to use those capabilities (notably UDDI) to search for business partners. However, UDDI registries are centralized repositories. Unless there is a global agreement on which repository to use, there will always be multiple UDDI registries that could be potentially relevant to the partner search being performed. Zhang et al (2003) address the problem of searching in multiple UDDI registries and aggregating the search results. They do this by expressing search queries in a UDDI Search Markup Language (USML), which can be used to specify different registries, the queries to be performed in each registry, and the aggregation operator that determines how the search results are to be consolidated (this can be as simple as an AND or OR operator). The USML is passed on to a search engine which parses the query, builds search commands, dispatches them to UDDI registries and finally combines the responses and sends the end result back to the requester.
Whereas USML makes use of UDDI data elements to specify queries, other authors have proposed the use of more sophisticated criteria. Dumas et al (2004) propose a framework to describe trading intentions as constraints on attributes of a given schema (ontology). The example given is that of a car buyer who wants to find a car of a certain model, not older than a number of years and within a certain price range, where model, year and price are attributes defined by the given schema. The matchmaking with the trading intention of a car seller (or anyone else, for that matter) is done by satisfying the conjunction of the constraints in the two intentions.
Besides satisfying goals, a company may actually want a business partner that carries out their activities in a particular way. In this case, the challenge is to be able to find business partners that comply not only with a given trading intention but also with a given message exchange sequence. Wombacher et al (2003) introduced such an approach, where finite state automata (FSA) are used to describe message-exchange sequences. Basically, the proposed algorithm computes the intersection of two FSA, which describe both the desired sequence and the provided one. It is shown that if the intersection contains an empty automaton then the two sequences do not match, otherwise they are compatible. The use of FSA is motivated by the fact that they can be mapped to WSCL in a straightforward way.
Other search criteria may require potential business partners to comply with given QoS preferences. As with trading intentions, matching QoS preferences can be done with constraint satisfaction algorithms. For example, Lin et al (2005) employ fuzzy logic to express QoS preferences and a branch-and-bound algorithm to support service composition. This composition is achieved by selecting candidate Web Services with different QoS criteria values. Zeng et al (2004) propose a set of concrete QoS criteria to be used in service composition: execution price, execution duration, reputation, successful execution rate, and availability. They also discuss how to implement QoS-driven service selection either by local optimization (selecting the one from a set of similar services) or by global planning (selecting the services that optimize the overall composition).
In any case, it is necessary to make sure that the selected services are actually provided the required input in order to carry out their job, and that they are actually able to produce the desired outputs. In addition, there may be a set of preconditions that must be satisfied so that the service can be performed. Tomaz et al (2003) propose a system that can deal with inputs, outputs and preconditions at the semantic level, using the DAML-S (now OWL-S) ontology language to express buyer requests and supplier advertisements. The matchmaking is done by a semantic engine which, based on the given ontology, will determine the best fit by computing the distance between different concepts in the taxonomy tree.
Supporting Negotiation and Contracting
Despite the fact that business contracts must be objective, unambiguous and complete, the negotiation that precedes a contract is to a large extent an unstructured process, in the sense that it may require an unspecified number of interactions until all parties are satisfied with the result. This poses a challenge to the automation of negotiation and contracting. It is apparent, however, that most negotiation processes end up following similar patterns (Robinson, 1998) and that these patterns can be supported by Web Services technology in different ways. Chiu et al (2005) propose a methodology to manage negotiation processes, which has been implemented with Web Services. The methodology relies on contract templates, which can either refer to the negotiation process of a previously established contract or to a new negotiation process to be supported. Once the contract template has been created, its execution is supported by a Negotiation Support System (NSS), which provides the Web Services required for each activity in the negotiation process. For example, in some negotiations dealing with requests for proposals there is a Web Service for placing the request and another Web Service for suppliers to submit the proposals. Negotiation processes based on bargaining and auctions are supported as well.
The same degree of automation may be achieved as suggested by Kim et al (2003) who explore the possibility (and problems) of describing negotiation processes with BPEL (Business Process Execution Language for Web Services). Even though the authors focus only the abstract process and not on creating an executable process model, it is evident that BPEL can be used to support the automation of a negotiation process by the orderly invocation of Web Services residing at different organizations. The approach is illustrated in an RFQ (request for quote) scenario.
Some authors (Lamparter, 2005) actually argue that full automation of contracting is not possible, where full automation is understood as contracting without any human intervention. It should be noted, however, that it is possible to automate with human intervention: for example, the invocation of a Web Service may result in placing a new task in the to-do list of Enterprise Systems Architecture in Practice an employee; when the task is done the same or another Web Service may send a reply back to the requester. The point of Lamparter et al (2005) is that contracting may involve negotiable as well as non-negotiable clauses, which can only be evaluated by humans. Therefore, they propose an ontology-based modeling framework that is directed at negotiable clauses only.
As in partner search and selection, contracting may also involve the specification of QoS parameters. In this context, the contracts are usually referred to as Service-Level Agreements (SLAs). Sahai et al (2002) discuss how to describe an SLA as a set of Service-Level Objectives (SLOs). An SLO is a specification of what parameter is to be measured, when it should be measured, how it is to be measured and evaluated, and what action should be done after measuring. One of the most common parameters is the client-side response time (Debusmann, 2004) . This is usually measured by "instrumenting" the Web Service or the Web Service platform, as we will see ahead when discussing support for monitoring.
The negotiation of QoS parameters can be automated if QoS information about service providers is readily available. This information may be published in the UDDI registry in the form of WSOL documents (Tosic, 2003) , an extension to WSDL that is able to express QoS constraints and combine them into boolean expressions. Besides constraints on QoS attributes, it will be useful to include the parameters of utility functions (Comuzzi, 2005) that specify how much a value of a QoS parameter is worth to the service requester or provider. If both the QoS information from the requester and from the provider are available, the negotiation can be fully automated by a third-party broker. If only the QoS information from the provider is available, it is still possible to make use of semi-automated negotiation (Comuzzi, 2005) , which requires interacting with the service requester.
Supporting Configuration and Pre-Operation
From a technological point of view, a contract can be especially useful if it specifies the B2B conversation to take place between business partners during the operation phase. If such information can be gathered during the contracting phase then it is straightforward to express it using WSCL, BPEL or another orchestration language. In order to carry out that B2B conversation, however, partners must have their service platforms properly configured. This particular task can also be automated, even if partners have different infrastructures: the task of generating Web Service wrappers from the specification of a B2B conversation is similar to that of generating Web Service proxies/stubs from a WSDL description. In scenarios where the Web Service infrastructure is already in place, configuration may turn into a problem of service composition. Several authors have explored these different possibilities.
Baghdadi (2004) addresses the problem of generating Web Services from coordination requirements. The approach is holistic in the sense that it starts by creating an overall business model of the main systems in an enterprise information infrastructure. This business model is expressed in terms of business objects, events, processes and states -the so-called "elements of discourse". Then the concept of "factual dependency" is introduced: what elements must be created/updated/removed/retrieved when a given event occurs. The proposed approach is based on generating a Web Service that implements each factual dependency. The same approach could be used to generate the Web Services that implement a B2B conversation, described as a set of factual dependencies between different business partners. Shan et al (2005) get closer to achieving this goal using workflow views rather than factual dependencies. A workflow view is a flow graph of activities with input and output messages, and it is a publicly available subset of the actual process taking place within an enterprise. A B2B conversation is the result of connecting workflow views of different partners via message exchange, and it is described with BPEL. These conversations are then orchestrated by a workflow-based B2B process engine. It is interesting to note that the proposed system supports the generation of Web Service definitions (in WSDL) from workflow views, where each activity is mapped onto a WSDL port. This effectively provides a jump start to the configuration of B2B interactions.
Business Networking with Web Services
Other authors address precisely the inverse problem: if the Web Service infrastructure is already in place, and there are multiple service offerings to choose from, then what B2B interaction should be used to achieve a given business goal? This problem falls within the scope of dynamic service composition (Tosic, 2001 ) and an effective way to solve it is to rely on planning techniques (Madhusudan, 2004) . According to this approach, each Web Service is modeled as a collection of elementary operations as specified in the corresponding WSDL description. The point is that some service requests may be satisfied by invoking an elementary operation, while others require the invocation of several operations from the same or different Web Services. In the latter case, the sequence of required operations and Web Services is computed via Hierarchical Task Network (HTN) planning. The same technique could possibly be used to determine the B2B conversation that must be carried out in order to satisfy the business goals expressed in a contract.
Supporting Monitoring and Evaluation
The last phase of the B2B trading life cycle is the evaluation phase, when business partners assess the performance of each other and gather information that may be useful in future partner selections. Evaluation is related to decision-making, so the opportunity for technological support is in focusing on gathering information to facilitate evaluation. This explains why monitoring is so relevant for the purpose of evaluation. Thus, even though monitoring takes place during the operation phase, its purpose is to support the evaluation phase. Among other issues, recent advances in monitoring have addressed performance evaluation, compliance with SLAs, data quality management, and trustworthiness of the service infrastructure.
Monitoring can be done at the lowest level of the Web Services stack by intercepting and logging every SOAP message (Cruz, 2004) , which may be useful to extract information about service use and performance. A more convenient way to obtain such information is by "instrumenting" the Web Services platform. Debusmann et al (2004) illustrate how to instrument the Axis platform using aspect-oriented programming. Since there are two separate request and response handlers, it is possible to measure the client-side response time by means of the interval between their invocation, for a given pair of correlated request and response. McGregor et al (2003) make use of instrumentation in order to maintain an audittrail of all status changes during B2B conversations, described as WSFL flows (Leymann, 2001) . Sahai et al (2002) make use of instrumentation in order to monitor SLAs and to record any violation of SLOs.
Monitoring and evaluation become an even more pressing need when the end product of a B2B collaboration must comply with quality management standards. Whereas the scope of Enterprise Systems Architecture in Practice these standards is traditionally confined to the environment of a single organization, B2B collaborations require quality management techniques to be extended to inter-organizational settings. This has already been approached for the case of information products (Shankaranarayanan, 2005) by means of a data quality metadata specification. The metadata associated with an information product describe how data flows and is processed across business partners to create that information product. The metadata is shared among business partners by means of a Web Service architecture which collects and provides metadata upon request. This architecture makes use of a central metadata exchange (MX) service which retrieves and consolidates metadata provided by the MX services running at each organization.
Another important role of the evaluation phase is to contribute to the development of trust among business partners. Since this subject goes far beyond the scope of Web Services technology, we will refer only to the problem of improving the trustworthiness of the underlying service infrastructure. Zhang et al (2004) propose a framework to control the trustworthiness of computing in Web Services. Basically, the framework requires certain pieces of information to be included in the WSDL description of a Web Service. This information concerns resources (roles and how to invoke them), policies (e.g. security policies), validation (ensuring predictability and handling exceptions), and management (tracking and monitoring). Resource, policy and validation info are expressed using WSResource, WS-Policy and BPEL, respectively, while trustworthy management depends on the monitoring capabilities of the run-time platform.
SUPPORTING THE BUSINESS NETWORKING LIFE CYCLE
Much like the eCo framework once proposed by Tenenbaum et al (1997) , which comprised several layers ranging from services up to markets and networks (eCo Working Group, 1999) , the business networking life cycle can be regarded as the top layer above the B2B trading life cycle. In the B2B trading life cycle discussed previously, organizations search for and select business partners, and settle, configure and evaluate the interactions that take place with those partners. These tasks are just a single phase within the business networking life cycle, as shown in figure 1 , where companies locate and enter markets in order to build trading relationships with other players in that market.
In the previous section we discussed the latest developments towards providing Web Service infrastructures with search, contracting and monitoring capabilities, among others. Now, regarding the business networking life cycle, the required capabilities are those that provide companies with the ability to organize themselves into markets and to join and develop collaborations within those markets. A market may be either vertically-oriented, being industry-or product-specific, or horizontally-oriented, dealing with goods and services that are common to multiple industries (Sahai, 2001 ). In addition, each market may have its own set of rules, such as how to advertise purchase needs, how to select partners, how perform negotiations, etc.
The way a company enters a market and starts interacting with other players in that market resembles the way a peer enters a P2P network, joins a peer group and starts interacting with the peers within that group. In the JXTA platform (Traversat, 2002) , for example, peers join peer groups where special-purpose services are available. Peer groups are described by XML advertisements published in the network, and services are described by advertisements Business Networking with Web Services published within a peer group. Both kinds of advertisements can be found by means of a discovery service, and they contain the necessary information to bind and interact with other resources (peers and peer groups).
The analogy between peer groups and electronic markets is striking, as well as between JXTA service advertisements and WSDL definitions, and the JXTA discovery service can be seen as a decentralized version of the service registry concept. Therefore, Web Services technology does provide the required features for a business networking infrastructure, although not as decentralized as in a P2P platform, since Web Services rely on a centralized service registry. In the business networking life cycle, the role of the service registry is to allow companies to find markets and, once they have entered a market, to retrieve information about the trading life cycle that applies within a market -whether it is the five-phase life cycle described earlier or any other kind of service choreography. This choreography can be described by means of a WSCL or WSFL, for example, and it can be retrieved from the service registry within the market. Albrecht et al (2004) make a comparison of five different approaches towards supporting electronic marketplaces, and Web Services stand out as an appropriate infrastructure to support loosely connected marketplaces, being hampered only by the lack of standards. As standardization is evolving in several fronts, a more severe handicap may be the fact that Web Services technology relies on centralized services, so it is still not entirely clear how to make use of it in highly distributed environments (Huang, 2003) . Nevertheless, the developments described in the previous sections span across all the different phases of business collaborations, from the business networking life cycle down to the operational life cycle. Figure 3 illustrates the role that features of Web Services technology can play each of these phases. 
Figure 3. The role of Web Services technology in B2B collaborations
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As suggested in figure 3 , a large amount of information stored in the service registries concerns the description of B2B conversations to take place between business partners. This means that Web Services technology, besides providing dynamic binding via a service registry, should also include process management capabilities in order to support the design, execution and monitoring of those conversations. In fact, a survey of Web Service architectures (Myerson, 2002) shows that key technology vendors intend to provide workflow capabilities on top of their Web Services stack. This may be eased by the fact that Web Services seem to be a suitable foundation for business process management both within and across enterprise boundaries (Leymann, 2002) .
As an example of how such capabilities can be implemented on top of Web Services, Gomez et al (2005) propose a B2B conversational architecture organized in four layers. The Web Services Layer encompasses basic features such as publishing and searching for service information in a UDDI registry. The Composite Web Service Layer makes use of a second repository, which keeps information about available composite services, with compositions being described by means of BPEL documents. The Enterprise Intra-Workflow Layer deals business processes that are described as orchestrations of composite services, and stored in a third repository as WS-CDL documents (Kavantzas, 2004) . The top-most layer is the Enterprise Inter-Workflow Layer which makes use of a fourth repository in order to store rules, policies and regulations that govern B2B interactions. Except for the bottom Web Service Layer, each layer is associated with an engine that provides execution and monitoring capabilities.
CONCLUSION
In the operational life cycle, Web Services support B2B exchanges as they encapsulate the business activities within a B2B collaboration. In the B2B trading life cycle, Web Services also encapsulate business activities, but now the purpose of these activities is to search for and select business partners, and to settle, configure and evaluate the interactions that take place with those partners. In the business networking life cycle, Web Services will again encapsulate a set of business activities. These business networking activities deal with locating and entering markets, where a company will build relationships and undertake collaborations with other players in that market.
Web Services technology is pervasive in the way that it is able to provide a common infrastructure that supports B2B conversations at each of these different levels. The key enabling features are the same across these levels: the ability to publish, search for and interact with remote services. This chapter has drawn attention to the latest developments in Web Services technology that are paving the way towards supporting the full life cycle of business collaborations. Clearly, there is a wide range of research challenges that still lack a definite answer. Yet, Web Services have already succeeded in gathering a community that is developing the capabilities required to turn Web Services into a business networking platform.
